Introduction
Identifying the flank regions of a known sequence is a common requirement for gene and genome characterization. Flank regions may be used to identify the regulatory sequences outside the cDNA coding regions and to find gaps in genome sequencing projects. There are several PCR-based methods that can be used to identify the un-transcribed flanking sequences of a specific genomic locus. Classification of these methods is on the basis of preprocessing requirements. We report that PCR-based methods have been categorized to be preprocessingdependent and preprocessing-independent. The first category requires restriction digestion reactions and ligation of genomic DNA. On the other hand, the second category is almost entirely PCR-based and doesn't require any other processes [1] .
Single primer PCR is a preprocessing-independent PCR-based genome walking method used to identify the unknown flanking region of any known conserved sequences [2] . This method was developed for the first time to randomly amplify whole genomic DNA [3] . Recently, several other protocols have been developed to make this method usable for obtaining the unknown flanking regions of a specific sequence [4] [5] [6] [7] . The basic idea of this method depends mainly on mispriming for primers and/or self-priming of some of the amplified fragments to yield a double stranded DNA [2] .
Materials and methods

DNA isolation
Total genomic DNA isolation was performed according to the previous report [8] . About 10 mL of algal culture and homogenate were centrifuged using a mortar and pestle in 1 mL of hexadecyl trimethyl ammonium bromide buffer [54 mmol/L hexadecyl trimethyl ammonium bromide, 0.25 mmol/L Tris (pH
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Alignment of the 18S rDNA, rbcL, and rbcS genes of Scenedesmus sp.
Alignment was between the related species of microalga and Scenedesmus sp. For 18S rDNA, we selected the species Scenedesmus sp., Chlorella sp., and Chlamydomonas sp. For the rbcL gene from the chloroplast genome, alignment was done between Scenedesmus sp., and Chlamydomonas sp. Regarding the rbcS gene, there were no rbcS accessions for Scenedesmus sp. in gene bank. Thus, alignment was carried out between the genes from the species Ostreococcus tauri and Chlamydomonas reinhardtii.
Genomic walking primer design
All primer designs were carried out using Primer3Plus (Primer3Plus is a web-interface for primer3 program). We designed nine primers (Table 1) , two each, 5'18S rDNA (Sp1, Sp2) and 5'rbcL (cLp1, cLp2), and five primers for the 5'rbcS region (cSp1, cSp2, cSp3, cSp4, cSp5). We tested a narrow range 47% to 61% from the percentage of guanine-cytosine (GC%) content. 
Single-primer PCR-based genomic targeting method
Two consecutive 50 μL PCR reactions were carried out for each gene. We tested two different DNA polymerases, Ex Taq (TaKaRa Bio Inc., Shiga, Japan) and TLA polymerase (Bioneer Inc., Daejeon, Korea). The first PCR was done by using 4 μL of the total DNA of Scenedesmus sp. with the primers Sp2 and cLp1 for 5'18S rDNA and 5'rbcL flanks, respectively. Four tubes each with a single primer cSp1, cSp2, cSp3 and cSp4 for the 5'rbcS gene were used as well. The usual primer concentration of 0.2 μmol/L was used as the final concentration. The PCR was programmed to run for 30 cycles, 94 °C denaturation for 45 seconds, 45 seconds annealing at 61.5 °C for 5'18S rDNA and tubes 1 and 4 of 5'rbcS. Annealing of 5'rbcL and tubes 2 and 3 of 5'rbcS, was done at 59.5 °C . Extension was done at 72 °C for 2-4 min, and finally at 72 °C for 7 min.
The second PCR was performed by using the same primers as the first PCR, plus 5 μL as a template from the non-purified first PCR product. The program for the second PCR was at 95 °C for 2 min, then 30 cycles at 95 °C for 30 seconds, 68 °C for 2-4 min of annealing/ extension, and 72 °C for 7 min of final extension.
We found that current single-primer PCR protocols had no basic step and poorly mention important parameters that the user must be aware of long-range PCR, but on two stages to achieve self-priming and/or mispriming. We developed this protocol after several trials using two different DNA polymerases. The protocol's needs have been minimized to just two reverse primers and two PCR reactions. One reverse primer is used for two PCR reactions, and the second is for sequencing. The positions of the two primers were designed to be successive with some overlapping to each other (Figure 1 ). The efficiency of this protocol depends mainly on the successful primer design and the well extracted band. We used this protocol to identify the 5' flanking regions of three different genes from the total DNA of microalga Scenedesmus sp. Two of these genes have already been identified and fully sequenced in gene bank (18S rDNA and rbcL); the third gene is the rbcS gene which has not been identified yet. 
Band extraction and purification
A gel extraction kit from Qiagen (Turnberry Lane, Valencia, CA, USA) was used to extract the bold and/or higher molecular weight band of the second PCR product of each gene. The elution was in 30 μL.
Sequencing of the purified fragments
All bands were sent for sequencing to Bioneer Inc. (Munpyeong-dong, Daedeok-gu, Daejeon, South Korea) with the following primers, Sp1 for the 5'18S rDNA product, cLp2 for the 5'rbcL gene, and cSp5 for 5'rbcS flanks.
Results
Alignment result
As we performed the alignment between Scenedesmus sp. and the related species, we obtained a conserved sequence for each gene. The conserved sequence for the 18S rDNA and rbcL genes was 1 800 bp and 1 450 bp, respectively. For the rbcS gene, we obtained a small conserved sequence of 74 bp (5'-CTGTACTACGACAACCGCTACT GGACCATGTGGAAGCTGCCCATGTTCGGCTGCCGCGACCCCAT GCAGGTGCT-3'). After basic local alignment search tool (BLAST) search on that small conserved piece, we found it also included into rbcS gene in several other species such as Dunaliella tertiolecta, Volvox carteri, Euglena gracilis, Chlorella pyrenoidosa, Zea mays, Dunaliella parva, Chloromonas sp., Dunaliella salina, Oryza sativa, etc.
Single primer PCR analysis
The first PCR-results were almost the same for the three genes, showing no product and no smears. Furthermore, we obtained several bands for the three genes' flanking regions through second PCR amplifications. Those bands were amplified using Ex Taq polymerase with an extension time of 4 min for 5'18S rDNA and 5'rbcL ( Figure 2 ) and 5'rbcS regions (Figure 3) , and 2 min of extension for 5'18S rDNA (Figure 4) . The second PCR product of the cSp4 primer. TLA polymerase showed some bands with 5'18S rDNA and an extension time of 2 min (Figure 4 ). However, a high molecular weight band (stuck in well) appeared with TLA polymerase when the extension time of the first and second PCR was 4 min for 5'18S rDNA ( Figure 5A ) and the 5'rbcS gene ( Figure 5B ). 
DNA sequencing and validation
We extracted the ~4 kb band from the second PCR product of the 5'18S rDNA primer (Sp2) (Figure 2A ). The same was done for the main bold band ~2.5 kb of the 5'rbcL primer (cLp1) ( Figure 2B ) and the ~6 kb band of the cSp2 primer of 5'rbcS ( Figure 3) . We obtained sequence results using the primers Sp1, cLp2, and cSp5 for the 5'18S, 5'rbcL, and 5'rbcS purified fragments, respectively. BLAST search of the sequences of the three 5'flanking sequences showed 100% similarity for the 18S rDNA region to the related gene in Scenedesmus sp. The purified main bold band (~2.5 kb) of 5'rbcL was not that clear, and it contained some smears from other bands. This showed that we obtained some distortions through the 5'rbcL sequence. The results of BLAST search were almost 80% homology with the Scenedesmus quadricauda chloroplast rbcL gene. On the other hand we did not find any similarity with the 5'rbcS sequence.
Discussion
In the present study, we tested three different parameters (two DNA polymerases, primers GC% content, and the extension time of the first and second PCR) to optimize the protocol's efficiency. From previous results, we concluded that one of these parameters (the GC% content) is responsible for controlling the overall process efficiency. Regardless of the stability of 3'primers, we observed that products that resulted from high GC% content primers yielded products with high smear and several bands. It is known that primers that have a high GC% content require high annealing temperature in PCR reaction [9, 10] . However, from the rbcS primers (cSp1, cSp3, and cSp4) we noted that increasing the annealing temperature even to 62 °C yielded the same products as before (several band with high smears) (data not shown). Therefore, we found that the optimal range for the primer's GC% content to be used in the single-primer PCR protocol is 47:50.
Several approaches can be used to overcome the problem of high GC% content. Including some organic molecules such as dimethyl sulfoxide, glycerol, polyethylene glycol, formamide, betaine, 7-deaza-2'-deoxyguanosine 5'-triphosphate, and 2'-deoxyuridine 5'-triphosphate in the reaction mixture has shown to improve amplification of GC-rich DNA sequences [10] [11] [12] [13] [14] [15] . We did not try any of these chemicals because we were aiming to develop a low-cost, efficient single-primer PCR protocol. However, those kinds of chemicals will be very helpful in case. There are no other choices to avoid the high GC% content primers.
The amount of the template used in the second PCR is also another important parameter. We tested the optimal volume of the first PCR product which was used as a template in the second PCR using 2.5, 5, and 10 μL from the first PCR nonpurified product of 18S rDNA in the second PCR. The optimum volume was determined as 5 μL per 50 μL PCR reaction (data not shown).
We obtained good results by using Ex Taq polymerase within the range of extension time that we used. On the other hand, we found that the amplification efficiency of TLA polymerase is mainly dependent on the extension time of the first and second PCR. As we tried two different extension times for the first and second PCR, we observed that increasing the extension time from 2 min to 4 min resulted in a high molecular weight band which DNA band stuck in well ( Figure 5 ). The same results also happened when we used Pfu polymerase (data not shown). It is clear that not all kinds of polymerases can be used in this method, even if it were a high fidelity, proofreading DNA polymerase. Our results evidently show the efficiency of using Ex Taq polymerase in this protocol.
Regarding the sequencing results, we mentioned that the two genes (18S rDNA and rbcL) are fully identified by gene bank data. The similarity was 100% for the 5'18S rDNA sequence, and 80% for the 5'rbcL sequence. This low percentage in the similarity of the 5'rbcL sequence is reasonable due to distortion in the sequence results. The rbcS gene is not yet identified for Scenedesmus sp., thus we did not find any similarity in BLAST between our 5'rbcS sequence and other accessions. In fact, the results were as expected because it was observable during the alignments of the rbcS genes from the related algal accessions. Thus, there is no similarity between the accessions that we used, except the small sequence (74 bp) that we obtained. We checked the cis-acting signals in our sequence on the PLACE online program, and several eukaryotic promoter signals were found in the sequence.
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